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Food Irradiation and CycIoblitanoneS ’ Public Citizen, 6/26/01 

Recent studies conducted by the Federal Research Center for Nutrition in Karlsruhe, Germany, and co-funded 
by the International Consuhative Group on Food Irradiation (ICGFI), have raised serious questions about the ., 
safety and wholesomeness of irradiated food. 

/. 
A 1998 in vitro study found that a unique irradiationbyproduct of palmitic acid was “clearly” cytotoxic, 
and “clearly” genotoxic to human cells and to rat celIs, The chemical, a cyclobutanone called : 
2-dodecylcyclobutanone (2-DCB), has not been found naturally in any food anywhere on Earth.’ For 
reasons that have yet to be adequately explained, the World Health Organization (WHO) misstatedand 
dismissed the findings of this study in its recent report on high-dose irradiated food? ‘! 

A 1998 in vivo study found that 2-DCB caused “significant DNA damage” to rats, that consumed:the chemical. 
Researchers stated that these results “urge caution, ,and should provide impetus for further studies:r’3 These 
studies are currently underway. For reasons ,that have yet to be explained, neither ICGFI nor the WHO has 
publicly commented on the findings of this study. 

These findings take on a greater significance in light of thq fact that numerous studies conducted’since, 1990 ‘. *.‘* 
have identified 2-DCB in food irradiated at ‘doses as‘low as ‘05 kGya including beet $ork, lamb, chicken, 
eggs, mangoes, papayas, peanuts, instant soup powder, ‘and freshwater, saltwater and anadromousfish.5’ 67 ‘, * 
This chemical is so readily identifiable as a unique irradiation byproduct of palm& acid that it is commonly 
used as a marker for irradiated food - a byproductthat has been shown to persist in food.for up to- 13 years.g 

The findings take on an even greater significance in,light of the fact that palmitic acid is a naturally occurring 
ingredient in virtually. all types ofmeat (including fish and shellfish), vegetables, fruit, grains, dairy products 
and vegetable oils. lo In relation to petitions currently pending before the FDA, palmitic acid occurs in: 

l dozens of ready-to-eat foods, including sauces, pizzas, baked goods and snack foods.” 

l crustacean shellfish in appreciable quantities, representing 16 percent of the fatty acids in AIaskan shrimp, 
14 percent in queen crab, and 9.2 percent in king crab.12 

a ,molluscan shellfish in appreciable quantities, representing the highest percentage of fatty acids in American 
oysters (28.9 percent), ocean quahaug (23.6 percent) and European oysters (22.4 percent); and the third- 
highest percentage of fatty acids in Pacific scallops (19.3 percent).13 ,-. 

* various types of poultry in varying quantities: 0.28-3.82,g/lOOg in chicken, 0.23-1.61 g/lOOg in turkey, 
1.22-9.58 g/lOOg in duck, and 1.47-6.95 g/lOOg in goose. In each of these types of poultry, palmitic acid is the 
fatty acid with the second-highest concentration: 21.6-24.6 percent in chicken, 21.2-2 1.6 percent in turkey, 
26.0-28.3 percent in duck, and 22.6-28.3 percent in goose.14 

l various types of meat in varying quantities: 1.42 g/lOOg in beef, 1.49 g/100 ‘g in pork, 1.01 g/100 g in lamb, 
and 0.49 g/100 g in veal. In each of these meats, palmitic acid is the fatty acid with the second-highest 
concentration: 25.96 percent inbeef, 24.39 percent in pork, 23.56 percent in veal, and 22.82 percent in lamb.15 

In March, the Federal Research Center for Nutrition released an abstract of an in vitro study on human cells 
that revealed cytotoxic effects of two additional types of cyclobutanones - 2-tetradecylcyclobutanone 
(2-TCB) and 2-tetradecenylcyclobutano~e (2-TDCB) -which are unique irradiation byproducts of stearic 
acid and oleic acid, respectively. In viva experiments with rats are being planned. l6 

Based on these findings - and because of the German researchers’ warning - the FDA should refrain from 
considering all pending petitions’unti1 the ongoing and planned experiments are completed. The agency must 
act with caution until more is known about the potential cytotoxicity and genotoxicity of these chemicals. 
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Summary .’ 
In the treatment~of~foods containing fat withionizing radiation - for exapiple,$he irradiation of 
chicken or kunbur+tq kill pathogens such as&Zmunellh spp. or $J. c@ @5i:@7 Y a range 
of Iipolytic’,digestio~~~~~ducts are generated; among them the grou1!,of2;a~k~~~ycIobutanones. 
These compounds &it& the same numbers {n) of carbon atoms astheir ~re&rsor, fatty acids, 
whereby a hydr&rbon chain with n-4 carbon atoms is attachedto,ring position 2 of the 
cyclobutanone. ‘In this way, 2-dodecylcyclobutanone is generated .tim palmitie acid.’ Up, to. the 
present day; cyelobutanones have not been found m non-irradiated foods:‘,.Therefore, it is 
important to examine.the toxic or genotoxjc potential of cyclobutanorres m thecontext of 
discussions about the safety of irradiated foods’ 

In this study, in viva experiments were conducted on rats, which received ‘two different doses of 
2-dodecylcytilobutanones by way of pharyngeal probe. After 16 hours, co!on cells were isolated 
from the rat and analyzed for DNA damage by means of the comet assay. 

No cytotoxic effects were detected’ in the trypan blue’ vitality test. When the Y% tail intensity” or 
the “tail moment” was used in the comet assay for quantitative analysis, the values obtained with 
an experimental group that received a low concentration of 2-dodecylbutanone (1.12 mg/kg body 
weight) were similar to’ those of the control group, which was administered 2% dimethyl 
sulfoxide. Slight but significant DNA damage was observed in the experimental group that 
received the higher concentra@on of 2-dodecyicyclobutanone~( 14.9 mgikg body weight). Further 
studies are needed to clarify the relevance of these results to an evalmtion of risk from the 
consumption of irradiated foods. 

Intrioduction 
‘Of lite there has been growing interest in the treatment of foods with ionizing radiation. The 
irradiation can help improve the hygienic quality of the food and prevent diseases that otherwise 
could be caused by. consumption of foods contaminated with parasites or pathogenic 
microorganisms. Furthermore, the irradiation of certain foods facilitates an improvement in the 
storage life and reduces the spoilage rate [Diehl, 19951. A growing number of counnies have 
approved the use of ionizing radiation for numerous products [Anon., 19981. Within the EU, one 
can expect harmonization of the legal regulations of the member states with regard to foods and 
food components treated with ionitig radiation. As a first step, irradiation of dried.aromatic 
herbs and spices is to be permitted in all, EU nations, This development is based in part on the 
positive evaluation of the procedure by the World HeaIth Organization- In a 1992 position 
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statement, WHO stated that “foods that have been treated with ionizing radiation and produced 
according to good manufacturing practice (GMP) are to be regarded as safe in terms of health 
and satisfactory from the perspective of nutritional physiology.” Numerous studies and animal 
feeding experiments, as well as experiments on volunteer test subjects, support this conclusion 
[WHO, 19941. Taking account of the studies available to date, a new expert committee 
concluded in 1997 .that “even irradiation of foods with.high doses (> 10 kGy) may be judged safe 
and satisfactory in terms of nutrition” [WHO, 1997,1998]. In recent years, there has also been 
increasing interest in analytical techniques to determine whether a product) has ,been irradiated 
[Deli&e, 19981. For example, a research team in Northern Ireland has determined that certain 
lipolytic digestion products - namely, the 2-alkylcyclobutanones [LeTellier and Nawar, 19721 
-might be products that are unique to irradiation and therefo,re hold great promise as markers 
of irradiation treatment [Stevenson et al., 1990, Stevenson, 19963. As a result of irradiation, the 
acyl-oxygen bond in triglycerides is .cleaved, with formation, of&alkylcyclobutanones with the 
same number of carbon atoms as the initial fatty acid and.with,.the alkyl group in ring position 2. . 
For example, 2~dodecylcyclobut&one and 2-tetraaecylcyclo~~~~~*ne are formed fi;om palmitic 
acid and steai-icacid, respectively. Although 2-methylcyclobutanone has been identified 
following ulti-asound, treatment of Hevea brasiliemis latex,,.forexample Fishimura et al., 19771, 
cyclobutanones have,not yet been1 detected in non-irradiated,,foods [Stevenson, 19963, ‘However, 
since cyclobutanones do occur iu ,irradiated foods d for example,-at levels of 0.3-0.6 ‘pg 2- 
dodecylcyclobutanone/g fat/kGy in chickens [Stevenson et .a& ,,1990,, 1993; Boyd et al., 1991; 
Crone et al., 1992 a, b, 1993; Stevenson, 1’996]- it is necessary to characterize their potentially 
toxic features and undertake a,risk evaluation. 

In this study, the so-called “comet assay,” a new test procedure that detects DNA damage in 
individual’ cells by means of microgel electrophoresis, has.been employed as the toxicological 
test procedure [McKelvey-Martin et al., 1.993; Fair-bairn et al., 1995}. Rat colon cells’, tissue in 
which tumors can be’generated under certain nutritional conditions, were used as the target cells. 

f . 

t 

*, L3-r- 
’ [Translator’s note] The German “Dickdarm” used here can be translated “large intestine” or “colon” (the latter a 
segment of the former); “COIOJP has been translated since the authors used the unmistakable “Kolon” in the same 
context in the “Summary.” 
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M~&i& &@;Mg+tthods:, : “-: 1”’ 
Materials ’ . 

._1‘, ‘:. I.. .,. ,_’ 
The test substance, 2-dodecylcyclobutanone (2-DCB) .was synthesized according to the 
specifications of Boyd et al. (1991). :_ 

- in vivo &periment ’ ’ .’ 
‘_ ,. .::,. y:;;. -, j’ 

r-, : 
M&e Sprague-Dawley rats (= 250 g) were obtained from Charles aver WigaGmb&(D-97633 
Sulzfeld) and kept ‘under the usual conditions. The rats were randomly divided into 4 groups. 
Two groups of six animals each received 2-DCB via pharyngea18 probe: the first group received 
1.12 mg/kg body weight (BW), the se&d group 14.9 mg/kg BW., A group of three animals 
served as negative controi, and. received ,the solvent of 2-DCB, namely 2% dimethyl sulfoxide 
@MS@ in physiological -sodium chloride. sohttion (5 ml/kg BW)* The fourth group with three 
animals was’ empldyed‘as positive control&d received 15 mg, 1;2-dimethylhydrazine (DMH)/kg 
BW (dissolved in physiplogical sodnnnchloride solution, S.ml/kg, BW). .;.. :. ‘.,.:‘,;~.,‘>%;:y. *: /,.., The feeding and, 
treatment regimen employed here has,been$esc~bed (PoolZob~i et al.,:l996),’ After 16 hours 
of exposure - which was determined@ .b@&e optimal- period of time for”& fotiationof DNA 
damage in colon ceils caused by DMH a;lid measurable by the comet assay ,[Pool-Zobel, 1996]- 
the colon was removed front the rats ,arid the colon cells isolated by means of enzymatic 
digestion [Brendler-Schwaab et al,:, 1994]. ~ 

Cyotoxicity 
The potentialcytotoxicity of 2-DCB to ‘the ,cells of the colon was ‘checked with the aid of the 
trypan blue vitalitytest, a,rapid and simple method to, differentiate between living $nd non-living 
cells [Pool et al., 1990;,Pool-Zobel et.&‘1994]. ‘_’ 

Comet assay b.. 
DNA damage to the colon cells was determined by means’ of single-cell microgel electrophoresis 
(comet assay) [Pool-Zobel et al., 1994; Pool-Zobel and Leucht, 19971, For each data point, 50 
cells ,per,slide and 3 slides per determination ,were analyzed. The evaluation was carried out on a 
fluorescence microscope with the imag& processing system of Perceptive Instruments~(Halstead, 
GreatBritain). The ,DNA distribution in the comet was-calculated as “% tail, intensity” and.“tail 
moment” --the latter a product. of the :proportion-of DNA in the tail and the length of thecoinet 
tail [Fairbairn et al., 19951. With more severe darnage to the DNA, the\proportion ofDNA in the 
tail, and hence also the “% tail ‘inter&$ and “tail moment,” increase. 

Dete?minati& of the quantity of substance administered 
Two different concentrations of 2-DCB were selected. The low concentration was meant to 
model radiation pasteurization (eig.’ with 3 kGy), while the higher concentration was intended to 
represent radiation sterilization (60 kGy). 

For the radiation pasteurization (3 ,kGy) of fresh chicken, we assumed formation of x1.5 ug of 2- 
DCB/g fat. Since palmitic acid represents only about l/5 of the fatty acids in chicken, the tota 
quantity of cyclobutanones was roughly projected to be 5 times as great. If one assumes at the 
same time ‘that all of the fat that a person consumes is irradiated (according to the DGE2- 

’ DGE = Deutsche Gesellschaft f?ir Em&rung = German Nutrition Association 
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Nutrition Report1996, a man weighing 70 kg consumes an average of 104 g fat/dayr,“~or 1.49, g, 
fat/kg BW), this would lead to a 2-DCB content of 1.5 ug x 5 x 1.49 = 11.2 $g of 2-DCB/kg 
BW. ‘.LT ‘, i + ., I: 

With a safety factor [Classen et al., 19871 of 10 for individual, differences, and’an additidnal 
_ factor of 10 to account for differences between various species (here, rat/human)), the expected 

no-effect level (NOEL) for radiati,on pasteurization lies at ‘;: *y.&,+,-‘. 
‘. “:‘;p _, <’ ‘( y’,:,,” (. ‘, 2. ,. :.M:i,“q~~ 1, i. I -; 

I.1 “J pg x 10 x 10 = 1.12 mg 2-DCB/kg BW. ' ~-.~~~~t-i<.~:. : ' ' " 

: I ..c. I 

Similarly, one would expect a NOEL of 
i. ’ 

“‘i 1,. _ ,:, *p’- -5 
..:. -,*~*-,. :*I: 2, /., ‘:. _; 

. . ‘f?2‘d;:$.i’$ 5 2 1';4g,i 10 x 10 = 1 :49.&g ;-DCB/kg Bw:~;~$~~~,; TV, AZ: , 
I.,... ? .‘. ..“Si .L i. I N~>y? Z’ >g $“.;, “:-, 1 L ’ : yqq:; ;$. .?,.;. i’( .1 ‘. “c ., ,. .‘:tL’ Q 

for the radiation &er&zat~on (6q;kGy)‘of ,frozen chicken: This’calcufaticj~‘ls,b~ed ‘onXformation 
.‘>-j, ::_‘:-g..;, .:I: I ~ . 

of a20 ug of 2-DCBg.f~~~~~adiation~sterilized (60 kG$), froze~.(-46°-C),Bhi~~~~;~cione et al., 
I,.,:*,, i’ 

1992a11 ‘..“.. ~~~,,. _’ - 
~:::,;r ,-+’ : ’ ;*, .;,$~(; s;* _.+ ,i . . 1, , . /. . . ..-“.x ,.. .C 

:: Results ” ..!.y :’ . : . ‘..y’,:.%., :, 

The trypan blue vitality testsdid not reveal any cytotoxic effects on.the’colo~~~~i;;,~~~~ the 2- 
DCB that was administered. The vitality of the treated cells was on the same order of magnitude 
(=90%) as the cellsof thenegative control group, which were treated with D+3S$;alcme.’ 

i ), ‘;,7 
& the other hind, IIN& d&ige. h&n ,2iDCB- was observed, in the comet &s&?&he 
evaluation of the comets, both as “% tail intensity” and-as’ytail mom&$ theD&#@&nage 
exceeded that ‘found in the-negative control group. In the group’of six animals&at received the 
lower concentration $1’. 12 mg,-ZDCB/kg BW, two of the animals exhibJted increased,,‘DNA- 
damage, while four of the animals exhibited”values like those of the controlgr&@Fig: ia). . ;: ., -- ., 3 
When the, results of the experimental g&up animals were combined, there wasno~srgmficaht 

‘. - 1 ” ,&& ‘: ._., f.-. ; ,L,“,i &. . 

difference relative to the,negative control group (Fig. 1 b).. ~At,the higher cc;l~~~~~~~~~sf’f4.? 
mg 2-DCB/kg, SW,’ an increased levy1 of ,D$JA damage was also detectable~ijrthe ‘$$o~ul$ relative 
to the negative control, group (l?ig- 1 b); While the, increase in DPjA danrage is&ight corn&red to 
the positive control group, which received, DMN as alkylating agent, one must~ecall ‘that the 
latte’,‘s a strong and specificratcolon carcinogen. 
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Fig., 1 b 

F2- Figures la, b DNA single-strand breaks in rat colon cells from the action oj 
dodecylcyclobutanone &nd DMSO, or DMH. 

..* -a -~----t 
Administered wnn pnarynged 

probe, 16 hours befg,re isolation of the colon. 
(** p < 0.01 significantly different ffom the negative control with DMSO; 
unpaired, two-sided Student’s t-test, n = 3-6). 

Llx” 



Discussion 
Initial ia vitro experiments with 2-dbdecylcyclobutanone, which at various concentrations was 
applied to rat colon cells as well as colon cells from human biopsies, have shownthat’2-DCB 
leads to DNA damage [DelincCe aridl%aI-Zobel, 19981. Although the concentratrons of 2-DCB 
that were used, ranging f?am 0.30 - 1.25 mg/ml, are large in comparison to the expected ,1 

c consumption af ug quantities of 2-DCB, further clarification is needed to. detern$ne,w’hether the 
these results are relevant to the safety of irradiated foods. ,. .I. -, , + :: 
The in vivo experiments that were just conducted likewise show DNA damage to coIon’ceIls at 
higher concentrations of 2-DCB. Of course, one must keep in mind that not every instance of 
DNA damage proves to be a precursor to damage severe enough to generate a tumor,or leads to 
mutations in tumor-relevant genes. Furthermore, possible DNA repair processes ar$I:.other$ 
cytotoxic-events, for instance apoptosis, play a role before lesions become manifest and cell 
degeneration is initiated. 

.” 
“i : i 

In addition, the quantity of 2-D&B that was administered here is’to be regarded, as veryhigh. A 
projection shows that the concentration of 14.9 mg/kg BW ,m humans corresponds to 
consumption of more than 800 radiation-sterilized (60 kGy) broiler chickens. This comparison 
raises the question of whether the safety factors .must in fact be 10 x 10. With several food 
ingredients (e.g. selenium), this concept,would lead to deficiency symptoms, since the amount 
required in rats, for exampIe, is about 25% of the’toxic dose [$Jlassen et al.; I987].’ With lower 
safety factors, and hence lower test concentrations of 2-DCB, there would no longer beany 
detectable DNA damage. 

It should be mentioned- once again that ‘in many animal feeding experiments with irradiated foods 
in which it is known that cycIobuta.none was also in the feed, no evidence has beenfot@d to 
indicate an injury from irradiated foods that have been cou$umed.~ Typical in this regard is the 
Raltech study in theUSA [Thayer et,aI;, 19871, in which%everal generations of mice and dogs 
were fed with radiation-sterilized’chicken. This study aisa included nutrition~physiological, 4.; 
teratological.and genotoxic experiments on various species of animal. 

:;+ _I_ 
In each case, it is necessary to check the reIevance of the results that .have been obtained. It is 
striking that the variation in observations is much greater at the low dose than thehighdose, 
which in the latter case ent$ls statiitical significance. This must also be clarified. 

,I “j 

ConUusioh 
.’ 

High concentrations of 2-dodecylcyclobutanone lead to DNA damage in colon cells that is 
detectable with the comet assay. The requisite concentrations are very much higher than those 
that can be reached through the consumption of irradiated ,foods that contain fat. The results 
urge caution, and should provide impetus for further studies. 
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. _ .l:- When fo&$~,~nta&g fat is treatrzd: by ion$ing $adiat@i,,, .a group-of 2- 

I 
alkylcy&lx&nones~~s formed. These ‘components &n&&e sanie nunZber of 

,/ carbon atoms as their precursor fatty ‘acidsand the .&yl group is located in ring 
i position 2. Thus, f?om ptitic acid 2-dodecylcyclobutanone is derived. To date, .: 

there is no. ‘evidence that the cyclobutanones occur in unirradiated. food; ,: Therefore, these -c&ponents cannot be considered inherent to food, and for 
I’ questions pe&ning torisk assessm?t of irradiated food it would(be advisable to 

_. determine the genotoxic and toxii: &W&iaIs of ~~I~butandir~~M~~rements 
i/ ,i of DNA, damage ;in eel@ exposed :,to: 2-dodecyl+lobutanone,- ‘einplo$ng the 
‘i 1: single. c$l microgel electrophoresis technique, have been carried out. Tn vitro 
,i experiments .using rat and human colon $ells indicate that %dodecylcyclo- 
,d butanone in the concentration range’ of bbout 0.30 - 1;25 mg/mlindu&$s DNA 
1 11 strand~breaks in the t$ls. Sieously,~a concentration related Cytbtoxic effect 

is observed as &as determined by trypan blue exclu~ion:(~~.;jjhicki.e~~$t these “. 
in vitro findii~s are of relevancy for theiin vivu human 
to be investigated in fi.uther’ studies. In tiivo tests in rats 

I lqYwoRDs 

I Food irradiition; cyclobutanone; genotoxicity, comet assay, 

I INlRODUcnON 
J 

Food irradiation is a thoroughly tested technique and. numerous studies have led to the 
conclusion “that irradiated food produced,iri accordance with ‘estabii&d.good manufacturing 

/ practioz can be considered safe because the process of irradiation:Gll not lead to changes in the 
composition of the food that, from a toxicological point of view, would ‘have. an adverse effect 

I to human health” WO, @94]. It is well-known that some mdiolytic products are formed in ‘.- -. 
very low quantities, which may cause some health hazards only ifconsumed in amounts much 
higher than actually present in irradiated ifood. Nevertheless, it is desirable to gain knowledge on I 

i the toxic potential of the individual radiolytic products formed. Since the very ,great majority of 
radiolytic products also are found in native or otherwise procbsed food, many toxicological i 
evaluations of these radiolytic products have been carried out in the past, and are set in / 
perspective to other levels of human exposure. 

39 
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Twenty-five years ago, it was reponed that on irradiation of triglycerides, a cyclic compound is ,. formed of the same carbon number as the esterified fatty acid. This compound was identified as 

the 2-alh&yclobutanone [LeTellier and Nawar, ,1972]. Recently, these compounds have%lso 
been identified in irradiated ‘food, and they were proposed to be a.marker of the irradiation 
treatment [Ste\;enson el al., 1990; Stevenson, 1.9961. In fact, .an analytical detection method for 
irradiated food based on the formation of Z-alkylcycfobutanones in fat-containing food has now 

.* r been standardized on a European level (EN .178.5 : 1996). It is claimed that e.g. 2- 
dodecyhzycjobutanone (ZDCB) derived from pahnitic acid is radiation-specificand has never 
been detected in any non-irradiated or microbiofogicaliy .spoiled, food (Stevenson, i9963. Maybe 
that improved analytical techniques in future will find 2-ahcyfcycfobutanones- also in otherwise 
treated foodstut& at extremely bw levels. However, at present it is known that these compounds 
are especially produced:. in. a dose-dependent; mariner,,,, irradiated food, and therefore an 
assessment of the health hazard of these 2-alkylcyctobutands would be advisable. 

,.*, j :‘- : ,I *‘:> p _. ,~& nz: $ ,- 
In this paper, the genotoxic potential of 2$&was %&eased ‘using the “comet assay”, which, 
measures DNA strandbreaks in cells [McKelvey ,er &yi 993; Fairbairn et al., 1995 J. According 
to a parallelogram approach [Pool-Zobe! ef $.,, 199!];.“,the test ‘. compound -2-DCB will be 
subjected to br v&o studies using rat and‘hum&~olon cells, and subsequently an in vivo study 
with rats wi!l. be carriedTout. We :used primary rat .and,.human colon cells since the colon is an 
important target &sue for many food-rt%t ed %a&%$?. 1; .th%.pr$er;. the first iii tii&-o -estimations 
of the genotoxic potential of 2-D@ are rep+-ted? : ““’ _ : ; ‘.,_ ‘” 

ETEiiJMi?hk 
_ ., 

2-DCB was obtained; synthesized as described by B&d &ol,( 1.991’); from Dr. C.H. McMurray 
(The Department of Agriculture for Northern frel&d~~‘Be@si;~UK). ‘Rat colon ceils were Freshly 
isofated from rat colon using an irt sirrr /ex ho d’ig&ion~p&edure-prendler-Schwaab er”‘& 
1994 3; Human colon cells were isolated f&m b&&es ~$Pool-ZobeJ and Leucht; 19973. 
Rat and liuman coton cells were’ incubated with”2-DdB in the concentration range of 
0.30-I ‘25 nip/ml, for 30,minutes at 37°C. .Both the cytotdxicity test using the method of trypan 
blue exclusion and the,.DNA comet assay were perfoniied as described by Pool-Zobel ef al. 
(1994) and Pool-Zobei and Leucht (199,7). ,: _- 

RESULTS AND DISCUSSION- 

A novel technique to detect genotoxic effects of chemicals is .the comet assay, a micro gel 
electrophoresis of single cells to measure DNA damage. Freshly isolated colon cells were chosen 
since they are metabolically competent and expected to convert chemicals as in 61 vitio-like 
conditions. L 

Cytotoxicity of 2-DCB in rat colon cells is observed,at increasing concentrations as shown in 
Fig. 1 a. Toxicity was apparent at 1.25 mg/ml as a reduction in the percentage of viable cells 
(absolute viability below 80 “%)- Relative viability (based on 100 % viable cells in the untreated 
control at 0 mg 2-DCB) gave simikur results., 

- 
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Fig. 2 _ DNA single strand breaks in rat and’human colon cells induced by 2-DCB at various 
concentrations for 30 minutes at 3 7” c. ,‘.,,,. 
(means f SEM of 4 rats and 3 separate human coions, 50 tells for each point) ’ 

Fig. 1 b shows the viability of 2-DCB on human colon cells (from biopsies), and a, cytoto& &I&t 
with increasing dosage is ~clearly demonstrated.rHuman colon cells seem to be more sensitive 
than-rat colon cells, siice theviability is decreased to less than 50 % at the highest concentration 
of 2-DCB (i.e. 1.25 mg/rnB tested. The higher sensitivity of human coloncelIs is also found in 
re$onse to DNA damage;-higher tail moments benig measured’ (Fig-2). ” ; 

:.,, 
These in vitro results clearly indicate a genotoxic ,effect of 2-DCB. I-Ioweve,rP eoncWentrations 
tested are very high compared with actual human mtake. Amounts of 2-DCB m irradtated food 
will vary dependent on rgdiation dose and other irradiation parameters, storage and storage 
conditions, and of course on the amount and.kind of fat in the food. For chicken, amounts of 
about 0.3’ - 0.6 ug 2-DCB I’ g lipid / kGy have been reported. In hjghly irradiated chicken meat 

. . from the Raltech study (mean radiation dose about 58 kGy), amounts of 17 ug/g lipid were still 
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found after 12 years of storage[3one el al., 19921. In the Rake& study no adverse effects 
attributable to the irradiation t&&e& %% #sewed, [Thay& ef al., 19871. Thus, a possible risk 
from 2-DCB must be at a very loti level, In’order to assess and quantitate this &timal risk from , 
the intake of 2-DCB with irradiited foo&more experiments than these preliminary .ones are. 
required. An in vivo test in rat& is in projj&Z I ,Y_ . ‘, .- 
_ . AcIcN~WUDGMENT ’ : *-. z I ^ ,. -‘, :., __ .,~ ,., ~.;.&qG.~ ii *: . li : i 9: -; 

The authors me very g&&l.&D~~'~.J$. '&&-&&~ay for the supply of2-D~~~~~~~~~~~~~:i, 

supported in part by the Inter&o& ‘Consultative Group on Food Iiradi&on .#Z&$?T&~,.: 
skiI%! technical &stance of Mts. R Lambertz and Mr. M, Knox is highly appreciated:;:’ ” ._ , j 
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a -UNTIL THEMID-19&‘LIMITED ATi’ENTICN WAf 
directed toward using the ch$nges that maybe induced &f&c 
treated with%i&ingradiation as a,means of ~differentiating 
between irradiated’and unirradiated products; Lack of em- 
phasis in this area was at least partly due to the fact that de- 
tection methodswere-’ unnecessary because food 
would’ be irradi&d in’licensedfacilities ,aud document&ion 
would’ acc&i&my,; the +radi&d food ‘ttiougbout the, :food 
chain tAnon~ou@984). Bowever;‘progress in comiuercial- 
ixation ofthe &&ess~greater’internationai trade Mrradiated 
food, di@ring ieguhitions relating to use-of the ‘technology in 
many countries~-srid consumer .demand for clear labe .’ 

9 
:of 

irradiated foodhighlighted the need, for tests.that coul -be 
appfi& b ,$-&f&&&&f.. ?Q;cT --.:ilz,‘; ;w:,;TF&,-,i FPi: ~;’ ‘:+ :‘-‘. 1 

During ithg*,_ii&t>few ye&c*ifg&&“.$~&~,~~~ ,j,)& 

bade in the development of detection meth&Is$sweUas the 
individualeffort&‘&esearch teams in many~$ou&ies;inter- 
n#ional coo@xUio~~Sii this ‘field has been:not&orthy?The 
;&ope&.&m&Mw- @Q$ ?&rough i& &‘mmuriit*y,&&aa 
of Reference (BCR$has set up a collaborz$ve program tode- 
velop ,methods%o identify irradiated food;:.& has :hosted a 
number of workshops (Rat5 and,Belliardo,,~~1;.~~n~di:~t 
al;, 1992) and funded collaborative trials(Raf& 1992, Sander+ 
sorret al., .1993)1’ Cna, worldwide’ basis, ,the.$omt FAUIIAEA 
Bivisiou of ,Nuclear Techniques in FoodandAgriculture~has 
a coordhiated~ @rogram. on am@tical d&e&on methods ‘in ir-, 
radiation treatment ‘of food (ADMIT) which has promoted 
cooperation inthis&rea (IAEA, 1999; 1992). 
c,it~ri,;,~~,j9~~~~dt~*~~~~et~~~~ _ ‘_ 

The, crite& which &I ideal detection ‘methodshould meet 
have been cle‘ary d&rmented (@E+, 1999)YFor example, the 
test should’(+) be’specific.for irradiatron and not influenced by 
other,, processes or storage, (2) be accurate and reproducible, 
(3). havea detection limit, below the mi&&.ui dose,likely to 
be ap$iedto the food;() beapplicable to arange of ~&ducts,, 
(5) ,be quick a.ud Teasy ti;perform, and (6) be capaby of .pro- 
vkiing ‘an est+at$ ofirrad$ation dose: > 

‘In practice, -it rMifficult.~.~ fulfilI all the&J&quirementa, 
since the changesoccurring i&food subjected to irradiatiorrare 
small aud~often’similar to.tho&nducedby other processes 
such as co&ing~ There is no general method applicable:@ all 
foods; thus, a ran ‘.e of tests ‘based on microbiological; biolog- 
ical, physical, an d: chemical changes in food are being devel- 
oped to complement ‘each other and reinforce the probability 
of detection (Dehncee, 199ljRafR and Belliardo, 199f; Leon- 
a& et a& 199%. IAEA, 1992)~ 

ThLs article wrRdiscu@ work carried out in our laboratory 
on (1) ,the use of electron ~&pin+sona&e (ESR) spectroscopy 
for the.dete&ion of irradiated <food containing bone or shells 
end (2) the formation of B%rylcyclobutanones &I fat-con- 
taining foods, A summary: of other,proc,edures. which have 
been subjected to collaboratrve testmg rs also mcluded. 

ESR ,Fpectrosc?py 
ESR spectroscopy is used ,to detect unpaired electrons in 

reactive species such as free radicals. Generally, the latter are 
so short-lived that they cannot be detected, but if they are 
trapped in hard, relatively dry components ha food, such as 

The author is Principal Scientific Officer, Food and Agricuitural 
Chemistry Research Div., Dept. of Agriculture for Northeru Ireland, 
and Reader, Fe Queen’s University of Relfas~, Newforge Ln., Belfast 
BT9 SPX,~Northern Ireland, United Kingdom. _-L- - 

,%radi$ed, free radicals are tra$ped in the crystal la&ce of the 
-bone, and they give au ESRsignalwith a characteristic shape 
;:independent of the -Iorigin j of &hebone’@odd. et al., 198s; 
Goodnnmet al., 1989;Rafh et al+ 1989, Stevenson and Gray, 

,1989)., The ~factors which. might mfbrence the formation and 
#ability of the radiation-inducedsignal ‘have been examined 
,to demonstrate that the technique complies with the require- 
ments of an ideal detection <meth&.,i ;. 1 ., 
i;,;. The. $+ariables~#udied. have ineluded (1) age of chicken 
:(Gray,et al.&f99)~~(2) bone sitewithin the carcass (Gray and 
: Sthyenson, 1999)$(3)!storage conditions (Stevenson and Gray, 
1989);;(4) uiok&g’in a convection overrbefore and after irra- 
diition (Gray and. Stevenson, 1989s); (5) irradiation dose 
-(Stevensonend’Gray~-1989); (6).dose rate (Gray and Steven- 
son, 1991); aird’(7) temperature of irradiation, (Stevenson and ,:Gfay; iggo); ..‘, .,, ‘- . 
7 The’ specifmity of ‘the radiatiou-induced signsl has been 
coirl?rnied~ since no other system investigated has given a sig- 
nal of simrlar shape. In addiG&, it has been detectable under 
sll conditions examinedand at doses well below those likely 
to-be used commercially. The feasibility of using the ESR 
technique for estimating dose was demonstrated when it was 
shownthat theiutensityof tbesignal induced m chicken bone 
increased as irradiation dose increased up to 10 kGy (Steven- 
son:and~Gray,: 1989):Nevertheless, because intensity of the 
radiation-induced signal may. be affected to some extent by 
‘the factors outlined ,above, the ability $0 accurately estimate 

mauipulation of the software inthe spectrometer is needed to 
isolatethe s&naI due to irradiation. Although the inteJnsity of 
the’&+ decreaseswith storage at 4V, there;+ no d&&x&y 
in detecting it even 23 days afterirradiation, by; time the 
broduct has spoiled and isno’longer acceptabJe:(Stewart et al., 
Z992). The signal is not generated by boiling samples in water 
for 3 mm, and despite the factthatthe bmtensity ~of samples 
cooked after irradiation is reduced, it is stiR possible to isolate 
the radiation-induced signal (Stewart et al., 1993). 

The,,situation with food cont%ning shells is more complex 
than for products containing bone because there IS evidence 
that the nature of the free radicalsformed8and hence the shape 
of the ESR signal are species dependent (Fig. 1). This diver- 
sity of ESR signal shabe will pkesent problems of unambigu- 
ous identification of irradiation in samples whose origin is un- 



.- 

Identification of irradiated Foods (continued) 

Detection of 2-Alkylcyclobutanones 2?odecylcyclobutamme has never been detected in any 
oI, e-$adiated or microbrologrcally spodd samples ,and has al- L--- L?,..-.a :- :---?ated samples even at doses as low as 

UVI,,J ,de compound as a marker for irradi- 
?a, 1 was demonstrated when it was shown that it 
-3 hv mnkinu If!mne & & l&X&); by pack- 

d 

w&i i&i&&e&frdzea..‘~ ;:,si>, ._#.: --,. ,, I< 
‘Although the reason for ‘these ob@ervationsi$ unknown, the 

p’ositionof pahnitic and stearic.acid on,the glym~1 ~P~IASWW 
‘msv :r.&.sna.a +l.a mrantitv r,f ~w&xhnfannncr.. 

rYL”*“aa Y “A LeAa” 6-J WL”. V..“.LUV..“, . . Jle stearic acid 
- -- -dy to be attachsdt~ position-J (Gunstone et al., 
1936). In this position, the stearic ,acid .may be more. easily 
cleaved and cyclized, hence producing .more 24etradecylcy- 
clobutanone. The even greater amounts of Z-tetradecyl- rela- 
tive to 2-dodecylcyclobutanone in frozen irradiated pork may 
be due to closer packing of triglyceride molecules in the fro- 
zen state (Gun&&e, et al., 1939). ----+*,, :-.- ii5 ., .’ 

Interest in application of thecycIobutanoxiemitthod to de- 
tect irradiated hquid +hole.egg was stimulated by the poten- 
tial u&of irr&iiation to-control Sakrwm& in ‘egg products. 
Both 2:dodecyL and ., 24etradecylcyc~obutanone were de- 
tected-in :hquid-egg irradiated at 2.5 kGy: (pig. 3). and the 
amounts of the compotimis ,were @r a ratio s;lrhiiitr to that of 

Fig. P--Effect of trradiation Dose on the amount of Z-tefiadecykzy&- Fig, 34elected ton Monitoring of thesum ofions m/z 98 and 112 from 
botanone formed in chicken meat. +EM = StandardTerror of the mean (al standards of 2-dodecyfc~lobfl~none (DCB).and Z~tefradecylcydobo- 

tanone (TCB): (b) pasteurized, irradiated (2.5 kGy1 li@.$egg: and (cl pas- --... i-- teurized liquid egg ,.. - -~--. y-i. : . ..~&i’ -.-__ 
.___?_^~pli-..” 
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: ,‘i i_““. .;Fz,x.‘ :;: “. .: i, ., 
Poods"irradia&d at do&k“above -lOO.Krad and &&&sing more thin. 

. . ., '- 2 ".'> ,<,b. .,5 
0.01% of the diet are est&kted,to contain URPs in sufficient &antsty to., < >_ J-6: *.. :<; . . ,,."Y' .,:G: '_ ) 
ukrrrant. toxicologkal -evaluation. The non-maumalian mutagenicit~-".~~~~ts 

_ I .-' / . .,~ 1 ,: y,*-. , ,. ., 
offer a 1eveS of sensitivity not practically attainable in whole animal 

-,‘, i 

tests, and recalling thatmany URPs may be similar -chemically to 
: 

substances occurring naturally in foods,' 
., .1 

these tests are considered 
__/ ,; .3:.. ":: 

appropriate t6oJ.s to evaluate she potential~cd;ccinog,enicity of ~.irradiated 
,, ., -, ~, ,~ r ., I I, : 

foods. The-&k reco&nended are 1) gene'mutations- in bacter'ia, with and 
,. tx.,.. .I ,i . 

without metabolic activation, 2) gene mutations i,n-:cultured.mammalian 
.‘ 

3) DNA. repair in mauntalian cells, 
-> , ,i , 

cells, and 41 recessive lethal mutations 

in'Drosophila. These test are considered to be the m.%nimum battery. 

Requests for substitu'tions for any of the above tests should be justified 

and will be considered on a case by case basis. 

Be>&.tse of the anticipated low level of individual radiolytic products 

present in the whole irradiated food, the above tests must be‘p-erformed on 

extracts in which the concentration of radiolytic products is maximized. 

Also, many of the radiolytic products from polysaccharides and-proteins l 

. 

will be large molecules and will not penetrate the cell membrane in the $I, 

vitro systems, hence the use of enzyme digests is recommended prior to the: 

-. concentration of URPs. 



In addition to the short-term mutagenicity tests, foods irradiate&at 

doses above 100 krad utust'be evaluated in 90-dav feeding studies in two 
: 

species (one rodent,. one non-rodent). The go-day rodent test-.&&id' 

include in utero exposure. -- To assure that the test animals are exposed to 
- -_ ; ,>,; ; .., :. .+; , ‘j :. .(-.>'lp- ,: s 

the highest concentration of radiolytic products possible, 'the irradihted 
,. .,I _. 

food may be lyophilized and incorporated-into tbCan&tal diet at the: food may be lyophilized and incorporated-into tbCan&tal diet at the: 
~(_, l.r .,' 

highest concentration that Idoes not co&iron&e ..-. , _- the nutritional 
', '_ : ,'I,; :.& -:. .:.,5;, :-: . . .,I",., 

requirements of-the te&t*'spec'ies .; bee Appendix IV). It is not necessary 
+& ,,:.-3~>~~" $ ,. , , ;;, ;.,m:. ,. :>‘ 

,to test enzyme digests '4f.:th‘e.:';rradiated' food in these tests since each 
., ‘.,>S g,; ;.q+ -‘ 1,'. ;* ,., I 

test animal provides d&&ion of'food components before systemic 
.>" ,. ..+,,y .,,, $y.: .A: .' : :, .,,I,. 

absorption occurs. Higher'doses of particular radiolytic products.may b * _" .L ^..,, 
‘obtained if the selectively extracted-:.a& concentrated - material used in __ . _- -. - - 

:,I '. 

,’ 

e 

the short-term tests is.empIoyed; however, it is recognized that much . 

greater quantities would be needed. for in vivo testing and thus would,make 
.i 

this latter suggestion. extremely difficult and expensive to effect in any 

practical sense. 

. 

. 
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DE,,, OF HE& kUW rule:’ that: [I J permitted manufacturers Sevmte&*objectrons to the n-radld:rd 
XUbt~sERMcES to use radiatiori at doses not to exceed 1 

k&gray (kc)(I00 krad) to inhibit the 
pork rule and;53 +bjeciionF I& the 

FOOD AND oftuG AEl~tRm-rtOEd grawth and matur8tion of fresh foods 
omnibus ru!ifxSated to a specific 

r 
~21cFRhri179 

and to disinfest food of 8rtbropod pests: 
aspect of the rute bu:t did not request a 

[Z) pennitt&lm8.nuf8cturers to use 
hearing. Twenty objectionsto the 

[oockst~ei-~86F-o23oj radiation at doses not to e&eed 30 kGy 
irradiated poik rule and 12 objections to 

. . 
- irrcpdEatlorthw& .I, 

(3 &Mrad) to disinfect dry or $ehydated 
the omnibus rufe requested ahearing. 

aromatic vet&table substances (such as 
These otijectiong’--a’ddresskd’beEpw. 

proccwatn&and~-OtFbod spices and heibs) of,nicz&org8nisms: (3) 
Some oirh-ot;iecti~n~~;~~uested a 

.I _ -i 1 ” ~. , : ,, . . 1,. 
AOEWCY: Food-and l?r& Admiuistr8ticin 

requh-ed that %ods that are ir&&ted 
sky ofthe regulationsl l&efederal 

be labeledto she? tlds fact both at the 
Register of February 23.1987 (52 FR 

A~~WHZ ,Fmel rule; denI81 of requests for 
hearing and response to obje@oq*.-. 

wholesale ad at the ret&&vek and [4) 
5450). FDA denied these requests 

required the t.mandwtureti maintain. 
because tie pubIic.interest &d not 

require a staySDA evaluated each of 
SWWARYZ The Food and Drug, L’ --. 

process record8 of bT8&8tion for 8. $ 
specified period~8n~‘~&~ surh paxdS 

the,contentions made in stppoct of a 
Admjnisfs@m @?DAJ is .denying the available.fdi FDA insl~e+on.FDA 

stay 8nd concluded th8t they failed to 
requests that it has ,received for,a 
hem on$Iie-final-rules WY amen&d 

initiated this~action bypublishlng 8 .~ create ,significant doubts .about the 
‘safety of,the~food irradiated‘under the 

the food additive ,rQid8t%Ins to 5 ,. : 
proposal in ,tlm +&nzl R8gisb& of ronditiom’of either of the two 

authorize.the ‘i&e ofg8mm8 radiation-for 
February 14.‘1554 [4$fR57t3): _. . Fegulations. 

the treatrtkentof pork tOc0&01 i ” ;: 
.TrichineUa sp&zfis’8.nd forthe :- .- : 
treatment &c8rt8in other foodm ‘titer c. 
reyiewi@ theobjections to,tlie two final 
ruks8nd.&erequestsfora,Im8ring... ,,,,a 
FDA.has concluded tit non8,of the 
objectIoti li8s~provhIed theittf&mation 
n8ces58ry td jmitt&~ff Iu?%d8g$DA. ~ 
however. is.amen~.the.i~e iit.. 
the reg$8tlcmth~tdesuibes Ii&or.dry~ 
ingdieatithat t&y, be radiation 
st&bid&cquse &e&on&and 
experience haye showi that tliI8 
lwguege is ambiious. 
omsa The ttn&&neut in 1792B(b) (Zl 
CFR 17928@J) is effective December 30. 
19~s; v@ten’obj&tfons ,on the 
amendment add ~reqaests for 8 hearing ‘. 
on the amendment by Janu8ry 30.1989. 
AOORES Writteti objections onthe 
amendment to the Dockets M8rmgement 
Branch (HFA-). Food and DNg objection mwt.be8eparately mtmhere& 

Administr8tirm. BU.L W3$58fXt Fishers (31 each objection must specify with 

Lane. Rockville..ha) 23557. 
parlicnhrity the ~providion of the the Gmnmissioner con&des that the, 

_: regulation~or.$ropo8edd’brder objected -?, data 8nd i&r&ion submitted are,. ,, 
FouFumER~noNcourA~ to: :4j each objection on whIcha hiarbxg 

insufficieht t.o justi.y tie f8ckaI : 

. Clyde A. %ke&hI, Center for Food 
Safety and.Appli&I Nutrition (DFF-330). 

is requested must speoifkxlly so state: dete&tInahonGged. even if accurate. 
f8Ihtre to~request 8 hearing on 8x1 : (41 Resolution of the $ctual issue in 

Food and Dni@ihnInIs~tion, Too C St. 
SW,~Washingto~‘DC 2&3X. 2M472- 

objection constitutes:a w8iverof the the way sought by the, person is 
right to a hearing on that objectiom; and adequate to justify the nction requested. 

5740. (5) each objection requesting a heering A he8ring will not be gmnted on factual 
suppLarrwFARYtNFORMATtOW must include a detei.led destiption arrd issues that are not determinative with 

~-~~~ .; 
analysisof the facttml information to be respect to.the action requested: e.g.. if 
presented In support of the objectioa- the Commijsioner concludes that the 

In the Federal Register of July 22 1555 action would be-the s8me even if the 
(50 FR 2985s). in response to a petition 

Failure to include a description 8tid 

by Rgdiation TedmoIogy. Inc, FDA 
analysis for an objection constitutes a factual issue. tieie resolved in the way 

WUghb Or if a request is made that a 
issued a final rule authorislng the 

waiver of the right to 8 hearing on that 
objecliril. final regulation incltxle a provision not 

irmdiation offresh pork to control .’ FDA received 55ubjections to the reasonabfy encompassed by the 
iT&hine&a spiraik FDA b8sed.i?::. irradiated pork rule’8nd 345 objections propos8L 
decision on data in the petition and in to the omnrbus rule. h&&y of the 
its files. The irgency bad-published’s objections expressed @%x81 opposition 

(5) The 8CtiOn requested is not 

not& annotuicing the fihg of the 
inconsistent with any provision in the 

to food irradiation but identified no 
petition (FAR 4M3739) in theFsder8l substantive question to’which the 

ad or any regulation in this chapter 

Register of July 33.1984,[49 J?ft 298821. agency can respond. Because these 
RarticuIarizing statutory standards. The 

ln the Federal Register of April 18. objections failed to raise any basis on 
proper procedure in those circumstances 

~gss (51 F‘R XX%%). FDA issued a fin81 which to question tfte validity of the 
is for the person requesting the hearing 

ruie, referred to herein as the ‘omnibus fiia~rules. the agency is denying them. 
to petition for an amendment or waiver 
of the regulation involved. 

S-031999 ~!O38(02)(29-DEC-88-l3:2kO5) 

-. .F4701.FMT...[16.30j...7-08-58 
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hearinp. 

tied114 _ .* .I 
s ..“..sdon of HEI% k&gatk&that FDA has not 

-r------.-- 
merely presenls a gen 

t&d- presented tieniific evidence that has nbt suppcrrted-it k 
_ ________ __ -1 pubiit radiolj6c products are ch&nicaUy and 

toxic0f0gical&f&niIai to known hatural 
that the ievels ofradic-, ._- r-----.- 
formed in food irradisted under the 

food ooti~po~ents is untrue. The @es&y 
&d cite specific articles on -the radiation 

conditioni’of the$e$uia&ii Gould be so 
high’aas to require&at t&&lonical 

URp’s ki not; the crucial factor but jagati :. n+re&ntS.@hu3ing &-option ‘of 
---.- --. 

conclusions’of 
has not provided by evidence Or .Y i i: ,’ -’ testing extracted and concentraied 

- ---- ----z-v 

rationale to support its assertion, EV&r4f~ radiotytic.pmducts. Based omits review 
and other informat& & the agency files. “$ / ..-:>7. +a.<; L -, 

m is Correct that cancer can-- .- ‘:i i’,- of the available literature dealing with 
&eomtidly be Stated by a singlb@RP b thk identity, amount and &teiltial 1. Consideration ~f”Wfolesdien~ss 

or ~&t~enic chemic& to justify a ‘-’ toxicity! of radiolytic prodicts,“BFIFC Studies r .:;F,+AI:;~ 

hear@, HEI would have ,to pmvidb : .’ ” ’ 
some evidencb that.would reasonably :1?-,’ 

recOmmended%at such testing &as not 
necessacy4o t~3sure the siifety of fo’bds 

HE1 ~p&$at: ;$jy$*, ; I;:;. 3: ,, 1 ;,,w..* I. ;-%,,ll :. ..B 

Ii& few levels~of UXWS to the ciiusatiob ‘- 
Tbe FDA a&its that l:yS&d information 

of cancer. HIjI has not pres&nted iny ‘% 
irradiated at doses below I kGy or of; 
binor ingredien&irraaiated at d&es 

has been’~ieipe$fniitrtltw~ fee&g$tudias 

such evidence. below 88 kGy because .ofthe & 
where there his b&en &:bmi~&;caggeration of, 

As discussed earlier.in this document 
and in the omnibusrule; FDA exatiined 

pote@iel concentratibn of radio@ytic 
dose ralative‘!i #t$at $I&&$& by t&a 

prOdUCtS in SUCh fOOdS. The Egtiqr. in 
re!&ationl”.,.+d argag that skh,information 
establishes the khrety;of.food irradiated in 

all available data from animal feedinn . 
Studies with irradiatzd foods and foUkd 

the omnibus rule. ameed Mth the 
recommendation agd cbncluded that 

acwrdarice with the k.$&Jation [51 FR 13382~. 
In a revievii of l.ZZS’ilholesomenes~ co”& -. . . * -, - -., _- studies 

00 link between irradiated food and foods irradiated undf+he conditibns of sea oy f. Mama for me Hungarian 

cancer (51 FR 23376 at 13378). Therefore. the regulation are safe, and that no 
Acad emy of Scieixes in 1979. study resU!ts. 

ms assertion is a mere allegation that 
were V.l”.....c.” 0. cip.~fi.~ ‘9 either netitral. adverse, or 

is not supported by any evidence. FDA 
ad@tional toxicological testing should 
be required (51 FR 13376 et 13378). 

beneficial. Each 3 ftudy could have several 
outcomes. since s tudies could address more 

s-031999 CO42(02)(29-DEC-88-13:21:18) 

F470JMT...[16,30]...7-0~-88 
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*,I.,*) 
.DEPARThiENT OF HEALTH AND 
HUMANSERi(lCES 

1. FDA’s Fipding of bird &gnificant 
Impact 

hearing on that ob;j&tion; tid (5) 

. requesting a hearing must include a 

Food aed Drug’ &lmini&aBon 
-‘, 2. Object&kb$FWI .’ 

” 
’ detailed descri$ion and analysis of the 

i j a. Information submitted by 
.“_. ., .hfnMnt.rrl nnI.Garr ~‘..k ,.r/ fatial ~fo~+&iOn to tie presented in I‘-.1-L--. -“‘-“~~je~on,,Fgi~ure to 

alpparr UI me ‘21 CFR./iart,‘17g ,, j’: ..i.- 
,“’ ..‘L ..“.“‘yuL”Y ~PIU~Y ‘,I “/ “: ,._ ;. 

‘< -s-, :. %. _b. -Petitioner convi&d of 
.” 

crimes 

pocket &OS. 88&W a&d 88h509]1 
L . .._. c. Accidents at&radiation rac~f~ties 

I&d&ion Zn the Production, 
., ‘Yd. ‘AIleged ~ontidiction 

:’ v. snmm.al 

Processing and Hanchg of Food :. VII. Referfke ._ 

include a des&i$iotikrid an$ysis for 
an obj&tiOn cdnstitu& $ Waiver of the 
right to a’h&ring on th&t bbjtktion. 

i Folldwing publication of-the P;oulm 
,, fin& rule.,FDA rix&Vec i fie+erai - 

I>--I’;-. l-n--- -.-fr*~ ~~ 
AGENCY: Food e$ @ug hhn~stration, 

I. rntroductiq ‘, 

HIS. 1 ““. ’ 
AcTKiN: Final tie; ~eti,ai,&r&&si for. i .‘l. 

: In tha Ft$ew 
'955 FR.18538) 

stay of effective date !and for a hearing; ‘permitting the ;i 
confiimation of effectivedate. !i for ‘the~control 

2- --__ Ii- CAL _ 

the 
1 PO1 
ib to 

con 
llt$ 
the 

fOod&orne- ‘&j&&gr ‘, 

&and the,:- 
requestk,for,a hearin& the:ageezy has 
concluded ‘that the obje&ow. do-not 
raise Issues ofmaterial fact that justify ., 
a hearing or otherwise providea b&is 

.+. the Fed$d 1 
198%’ (52 F 

for revoking the ametidment to the ,p j. notice aIlnouilci: 
regulation. FDA is alsp denyihg the 

data cdntained ih boa. petitions &d in of Ij&licV &la+: (21 &e far 
&quest for a stay of t&e effective -da&‘& 

-. -petitiokFbini 
TM39 

the amendment to the, food a LddItive 
regulations. ibfi&, y”-;~‘,:+:, ~1 ._ 1 

DATES: J%ective.d&e conhmed: h&y 
2.1990. 

~&.~Ob~m,$&psts for aHFaring, 
and Request fi&.Stjtay ~, 

FOR FURTHER INFOFIMATION CONTACT: -, 
Patricia A: Hansen, Cknter for Fiod 

Man ‘409i[f) of g&.&+&~~od* 

Safety and Applied Nutritioh @IFS- 
Drug, and Cosmetic”Act (theact) (2% 

206), Food and Drkg~Administration, 
U.$.C. 348(fll,,,@ovic+ha~ within 30 

ZOO C St. SW., Washington, DC 20204, 
days’ aft&ptibl$atio~of au prder 

202-418-3093. 
relaw to a food additive re@ation, 

SUFFLEMENTARY INFORMATID~: 
any person adversely affected by such 
order may file bbjedtir&s, spec@ying 

Table of Contents with ~particultiky~~ provisions of the 

t Introduction 
order “d&me&.~bIf+i+able, ptating 

II. Objections, Requests for a Hearing, 
reakpablg grounds. thetifor,” and may 

and Request for a Stay 
request a <public ~heari@@sed upon 

,: 
III. Standards for Granting a Hearing 

stich o$je&ions$~A:&ay d&i a 

IV. Analysis of Objections and Response 
h&wing &q&&if tkobjections to the 

to Hearing Requests 
reguIatio&’ db; not‘raise,genu&e and 

A. Safety of Irradiation.to Cork1 
snbsthntial issuesof fact tha$can be 

Microorganisms in Poultxy 
resc&@at,a, hearing.’ 

1. FDA’s Determination of Safety 
Under 231 ~l!$1?‘&1~10’of-the food 

2. Objections 
additive regulations+ objections and 

a. Letters 
raqu~ts for k~ hearing m gov?rned by 

b. Objections by FWI 
part 12 (ZWFR &m&T2)ofF’DA!s 

Power of the CIVO chronic rat 
regulations. Utid& § 1&2(a)‘each 

i. 
feacling study 

objectiop: 11) M&be kubmiited on or 

ii. Ad$ition of ethoxyquin to 
before the 30th day. after the date’of 

irradiated chicken in the CIVO Studies 
pub1ieat.i~~ of the :@I& ruIe; Q) ‘must be 

iii. Adequacy of all CIVO studies- 
separately nw+xxk (31 mu+ specify 

other issues 
with pa#euIex~ty the pr&si~n of the 

iv. Compliance with the Bureau of 
regulation ‘or proposed order objected 

Foods h-radiated Food Committee 
to; &) on which k hear+g is requested 

(BFIFC) report of 1980 
must specifically so state: faihn-e to 

B. Environmental Is&es 1 request a hearing on aEi objection 
constitutesa waiver ofthe right to a 

_.. 

i resblution at a hear&: 
@ririg will trot be gra&d on issues 

tial’issue can 
bc%bg$&l bi&&al&e and specIfIcaIly 
identified relIkble evidence; a hearing 
wiiLno~~~‘gra$ed &!I the.basi$ ofmere 

: ~;;i~,j&&&tor’de~,& o; g&ed 
des~p~&~~f pos~tion~‘an;i’ 

conkentibhs; (3) th&&k’&d :: 
i$k&ation submitted,% e&b&hed at 
a h&king, would b adequate to’ jkstify 
retiltitibn’ itf the faciual issu& hi the way 
so@ht by the r&quest&; a lie&&g. wilI 
be denied if t&e data”;ind inforniation 
submitted are insufficie&@ ji&ify the 
factual determination urged&.&m if 
ac&rate; and+&) rescilutioh of the-. 
factpaI,issue e t.hk wa$ solight by the 
peisoii is ade+ate to justify the,action 
requested: a baring will not’be:grant&i 
-on facm@ issues that sre not PC I 
determIn+e with. respect-to thb action 
requestad (e.g.; if the action w&Id be 
the same even if the factual issue *en3 
reiolved in the’way sought), 

A”party seeking a healing is req&ed 
to ~meet.a%h&hold burdk’of 
tend&g evidence kggesting the need 
for ahearing;:. (Co&e v. Pacific Legal 
Foupdation; &%5U.S. 198,2Sk215 
(198b)mh. dens. 445 U.S. 947 (198(I), 
citi@g Weiuberger v. Hpson, W@stcott 6 
Dunnijzg,‘Iric:, 412 U.S. 609,62E+621 
(1973)). An allegation that ti hearing is 
nec+sary to “‘sharpen the issues” or to 
“fully develtip’the facts” dbes not meet 
this tebt (Georgia Pacific C&p. v. U.S. 
ERA., 671 F.2d 1235,1241(9th Cir. ... 
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:.a 
gqmting a hearing because a hearing million.2~PWproGided no information submitted, no information to establish 
request must include specifically to support its contention, either by that the testing it recommended is 
identified reliable evidence that can reference to PDAs regulations or to any required to demonstrate safety, or even 
lead to‘msolution of a factual issue in other requirement: Thus, PDA that such testing would be valid to 

a &put& A hearing $ill not be granted concludes that this objection raises no assess safety. Nor did,FWI provide eny 
,rj& th12 basis ‘of mere, allegations or issue of,fact’that,ca&be resolved at a information co,ncerning how one can 
denials oi general descriptions of . hearing. Instead~thk objection simply, ;-conduct such a study or how one can 
positi&ts and contentions states FWl’s prefemnce for a policy interpret the fmdings in the context of 
[S 12.24(b)(&). Therefore. FDA is regarding Carcinogerii&y testing. A poultry irradiated at a ‘dose not to 
denying the hearing requested by these hearing will not-be$&ed on issues of ? exceed 3 kCy&Bedause PWI provided no 
letters, j .-, i .‘ policy or law (§ 12,~24[b)[I)~..~a;~~, .i evidence to consider,,? support of its 

r . -.. . . . . &is. r I--.- hr addition, PDA does not dispute ‘.~“%serbon, PDA’is denying the request 

has failed to demon&at e that there is a * . 16 . . -r ‘reasonable certainty“tharrrracnauon OI m-m&a millinX ‘tXhk&*G l?lNl rlirI‘A*t &emintinna nf iinsitinns and 
poultry at380krad 13kCyl:@ not 
h&inful:‘and thatthemfom the Agency% 
appGv&is &&.&.g~~~~~~G~~us,” 
FWI givescfcft& masonsfor its 
con;tei+on. ‘5.” ‘- .- 1; 

.:. 
i. P&e<‘of @?WO chronic rat 

feedine sfudv. First. FWI raises an issue 

.i: lea&to~mncidity~ Thus+ tb 

to demons&&e that the.cancer ITSK nom 
con&unption of irradiated chicken 

ordinarily consumed atenytbingother than trivially 

would belis than one%ra million. 
low levels in the .diet.,@nef! 
power of a test 0ne~mtGt imxeaseme anunu 

w stated: “hi aCcordance%vith 
proceduresappliedto foodadditives 

&y,to incma& the ..~~~‘i~i-,.-!‘~‘,tOftest .:-:Preventing ran&&y by this m&s is of 
n&-in -,Jmportance for a pmduct ,dried and substance fed or ino&se tb2mrmber of anh 

each gtoup,For exantRfe,.tIie ~dsrd’a&uL- . 
BSSesS low levels ofcaminogenic risk is to feed * 

,mh to ,:stored, a&n the test’:: 

determine the risk at 
Initssecondcontention;FWI states 

- “‘to b&ec doses r that the CIVO studies were serious1 y 
1 rr.+&Ln r.r.4. 3 comnromised because &addition of 

generally, testing must be of such substance in large amounts, ! 
sensitivity ‘&ht even a small inmenu such a high d-e. and *+-P”‘ate 

risk of cancer cannot escape detection, using a linear extrapolatnm mode.. uo- ey- o 

mm&y one per million, extrapolated to 
model to detect an increased risk of one in one 
million from a’siibs~~~.i;iid,a~~g,th;71’the 

the+itioxidant ethoxyquin -to the 

a typical human Consumer.” FWI study design couh 
” *&icken decreasedthe levels of lipid 

pmvided’tl$&es&lts :of statistical _ incid’ence at a hi&nose. one 

analyse@g$rding the power of de test. 
an animal 19WiO9times the~smot 
consume under msliitic c&dttJ~ 

In a backaround statement in its cannot be done w?th’ a diet 01 f&i&& .’ - 
Alternatively, testing thousandsof animals per 
group would oven 
----L:ltr:-- 

dyhn normal laboratory 

?pe&rides in the i@di@ed’chick& to 
levels comparable tothose in 
unirradiated chickens FWI .contends ,that 

‘r(g)iven~ the &dence$hat the .formation 
of genotox$~$adiolytic products can ‘and 
~~s.;acd~,.,~~~etitioner seeking ) 
approval of irradiation of p,oultry * * * 
should b&&the #burdenof establishing 
the magnitude;-of expected <cancer risk, 
orthat it isbelow a stated level.” In 
support ofits 0bjectia~n, PWI submitted 
onlya table &ntitled “Identiiication of 
Cenotoxi&&iolytic Products in 

, Irradiated di@nic h&dia-or Food.” but 
this iable contai 

“...a- I”11 ~Y’YV”Y”“’ ..,.. 

is generally &mducted at It& 

these’deaea&d levels Gould interfere 
with the observation oftoxicity from the 
lipid peroxides that were formed iin 
higher amountsduring the hot air 
dryingpf irradiated chicken than in the 

percent of the diet ft+ nommtritive substances. This ur&rRc&tt.ed &i&e ‘II. 

level, canbe higher for a nutritive~.substan=ze~ 
however, provided it Feslnot’causa a sig 

En 6ie dot&r% fin; sl.rule, FDA noted 
nutritional detitzit (Ref: 1). ‘As noted pteviotqsq that etho~qui~ had been incorporated 
discussed in detair in the pbultry final ruie,itht. into both the control diets and the test 
CfVO studies fed chicken irradiatedat the i diet: 
ma&tium dose allo+ by the regulstion, as we11 

s in the ClVO studies. The agency 

as at twice that dose, in ~+uthts equjv@c 
acknowledged (55 FR d8538 at 15836 

percent of the diet tby’dry*igL” r*LL* 
on its review of the mutag&&% 

qto35 
uy. ‘“V’tnwfJr, based and 15840)-that,PDA reviews of the 
Ly data) FDA 1 

ned n0 information on concluded that therswas’no basii to sus$ect’that 
CIVO studies had,raised the question of 

. 
c4 frnmi~nrli~torl 

irradieted chicken would iie c+ciiogenic. ,, using,the process ing con&ions required for the genotoxmityid& -“- yI.-~u.yU 
p&try.~FWPs,objection.did not dispute 

ahradiation dosestypically,can~bs vpfsed only 
meminall~ higher thanwould be used in m&ice 

higher dose. 
&tracts of imuiiated~f&xlshave not been relied 

~A.$&m&.sion. that -the evidence 
d9mo&t&& that irradiated poultry 
was not mu’ygger’- t..r r>n ., n*mrb _I 

RlG (JDPJsMmcmw. 
18540) 

bef&e they p&biice &cd that Louid i&&e food 
significantly. often ~mduding an‘unR&&abb 

onpr--.--,, --- ____ 

omduct that animals will notatR~&ebiaL 
of fooddo not differ,,-. 
nhvsical nmn&tfas fib 

:h 

imarilv for tssting because radiolytic products 
$4 any particular chemical or 

~. .~ _m other components of food 

Neither FDA’s guidelines nor 
generally accepted scientific procedures 
suggested for food additive testing 
recommend that carcinogenicity testing 
be sufficiently sensitive to detect an 
increased cancer risk of one in one 

&sssing conditions cm&e used co n$n&ize sut 
effects, however. such as’itradiatirtg food.in the 
Frozen state in the absenceof air. In the poultry 
final rule. FDA cited tests conduct&at a dose 
approximately 10 times highesthan the CfVO 
studies, which studies showed no adverse effects 

%eIated to irradiation (55 FR 16539 at 18540). FDA 
relied primarily on the CIVO studies, however, 
because FDA would not expect Emdiation of 
pouttry at a dose betoy 3 kGy to be conducted 

ihat wouid ailow them to be speciffcally extracted 
from food. Additionally; radiolytic products am 
typically identical to substances that occur 
naturally in foods. TJuxefom. FDA is not awars of 
how one could pepare an extract that would ensure 
the presence of all mtliblytic Rmducts while L 
excluding the presenoe of other similar components 
of food that did not msnlt from irradiation. The 
only way to ensure that ‘all mdiolytic products ace 
present is to feed the irradiated food itself. 


